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[s7] ABSTRACI‘ 
The present invention provides a method for manufac 
turing polypropylene spun~bonded fabrics, which 
method involves preparing a polypropylene melt at a 
temperature of about 240° to 280° C. and forming poly 
propylene ?laments by extruding this melt through a 
spinning nozzle at an extrusion velocity of about 0.02 
meter/second to 0.2 meter/second. The spinning noz 
zle, or spinneret, has holes with a diameter less than 0.8 
millimeter. The ?laments thus formed are subsequently 
quenched by transversely blowing air at a temperature 
between about 20° to 40° C. The ?laments are also 
aerodynamically withdrawn by means suf?cient to cre 
ate a ?lament withdrawal velocity between about 20 
meters/second and 60 meters/second. The ratio of the 
extrusion velocity to the withdrawal velocity (herein 
de?ned as the deformation ratio) is between about 1:200 
and 1:1000. These aerodynamically withdrawn ?la 
ments are then deposited onto a moving porous support 
in order to form a continuous web. This web is then 
bonded by suitable means, forming a ?nished spun 
bonded nonwoven fabric. 

14 Claims, 2 Drawing Figures 
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METHOD FOR MANUFACTURING 
POLYPROPYLENE SPUN-BONDED FABRICS 

WITH LOW DRAPING COEFFICIENT 

FIELD OF THE INVENTION 

The present invention relates to a method for manu 
facturing polypropylene spun-bonded fabrics. More 
speci?cally, the method of the present invention pro 
vides for the manufacturing of polypropylene spun 
bonded fabrics having a low draping coef?cient. 

BACKGROUND OF THE INVENTION 

Spun-bonded fabrics in general, as well as polypro 
pylene spun-bonded fabrics, are known. The term spun 
bonding refers to a method for making nonwoven fab 
rics. In the spun-bonded process, a molten synthetic 
polymer is forced through a spinneret or spinning noz 
zle which is an essential device in the production of 
man-made ?bers. The spinning nozzle looks much like a 
thimble punctured at its end with holes. As the molten 
polymer is rapidly forced through the holes of the spin 
ning nozzle, a ?ne ?lament is produced. The continuous 
?laments formed in the spun-bonding process are then 
laid down on a moving conveyor belt to form a continu 
ous web, which web is then bonded by thermal or 
chemical means. 
Nonwoven fabrics so produced by spun-bonding 

have good textile-like properties, although not always 
comparable to woven or knit materials, especially with 
regard to feel. It is an object of the present invention to 
provide a method for manufacturing spun-bonded fab 
rics that are “textile-like”, i.e., soft and adaptable and 
marked by a very low draping coef?cient. 

SUMMARY OF THE INVENTION 

The present invention provides a method for manu 
facturing polypropylene spun-bonded fabrics, which 
method involves preparing a polypropylene melt at a 
temperature of about 240° to 280° C. and forming poly 
propylene ?laments by extruding this melt through a 
spinning nozzle at an extrusion velocity of about 0.02 
meter/second to 0.2 meter/second. The spinning noz 
zle, or spinneret, has holes with a diameter less than 0.8 
millimeter. The ?laments thus formed are subsequently 
quenched by transversely blowing air over them at a 
temperature between about 20° C. to 40° C. The ?la 
ments are also aerodynamically drawn by means suf? 
cient to create a ?lament withdrawal velocity between 
about 20 meters/second and about 60 meters/second. 
The ratio of the extrusion velocity to the withdrawal 
velocity (herein de?ned as the deformation ratio) is 
between about 1:200 and 1:1000. The aerodynamically 
drawn ?laments are then deposited onto a moving po 
rous support in order to form a continuous web. This 
web is then bonded by suitable means, to provide a 
?nished spun-bonded nonwoven fabric. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a representation of a device by which to 
produce the spun-bonded polypropylene fabrics ac 
cording to the present invention. 
FIG. 2 graphically represents the change in melt 

viscosity of polypropylene, as a function of melting 
temperature and shear velocity. 
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DETAILED DESCRIPTION OF THE I 
INVENTION 

It is known that the ?bers or ?laments forming a 
nonwoven fabric of high quality, must have high molec 
ular orientation, i.e., the drawing ratio must be high 
enough. The purpose of orientation in the manufacture 
of synthetic ?ber materials is the alignment of the mac 
ro-molecular chains in the direction of the longitudinal 
?ber axis, to increase ?ber strength, to reduce the ulti 
mate elongation. Many scienti?c'methods are known by 
which the degree of orientation may be measured. For 
example, anisotropy may be measured by optical or 
acoustical means or by evaluation of X-ray scatter dia 
grams. Of course, as the degree of orientation, resulting 
from the drawing of the ?bers, is related to the ?bers’ 
strength, it often is suf?cient to differentiate between 
?bers or ?ber products by determining the strength 
parameters of the ?bers, such as_tensile strength and 
maximum tensile elongation. For example, ?bers to be 
used for technical purposes, with an appropriately high 
orientation of the ?ber, may have a maximum tensile 
elongation value of less than 10%. In contrast, ordinary 
?bers and ?laments for textile applications may be dif 
ferentiated in that they may have elongation values of 
up to about 60%. 
Drawn, as well as partially drawn or undrawn, ?bers 

are used in the manufacture of nonwoven fabrics. While 
the drawn or highly oriented ?bers comprise the actual 
fabric forming ?bers, the partially drawn or undrawn 
?bers are commonly used only as bonding ?bers. 

Contrary to such conventional nonwoven fabrics, the 
polypropylene spun-bonded fabric according to the 
present invention is comprised of partially drawn poly 
propylene ?laments as the fabric-forming ?bers. Sur 
prisingly, it has been found that nonwoven fabrics of the 
present invention not only have great strength in use, 
but also simultaneously exhibit a very soft, textile-like 
feel. Such properties are especially desirable in nonwo 
ven fabric made for use in medical or hygiene articles. 
These novel properties are also very advantageous in 
so-called “composite planar structures”, which com 
prise several layers of soft, nonwoven fabric materials. 
The good textile-like properties of nonwovens pro 

duced according to the present invention are particu 
larly unexpected and surprising because the partially 
drawn ?bers used have a limp feel in their unprocessed 
condition, and it would not be expected that such 
“limp” ?bers would result in a soft but very strong 
nonwoven fabric having excellent drapability. Another 
great advantage of the present invention relates to the 
bonding step, after the polypropylene ?laments have 
been laid down on a conveyor belt typically used in 
spun-bonding. Excellent bonding can be effected by, for 
example, employing a calender embossing technique. 
By using a suitable calender embossing technique, it is 
not necessary to simultaneously employ bonding agents 
or extraneous bonding ?bers. Also, in comparison to 
articles comprised of fully drawn ?bers, the nonwovens 
of the present invention can be bonded by a calender 
embossing technique which employs substantially gen 
tler pressure and temperature conditions. 
The soft, textile-like property of the spun-bonded 

fabrics according to the present invention is the reason 
for the fabrics’ good drapability. Drapability is deter 
mined in accordance with German Industrial Standard 
DIN 54306, which is incorporated herein by reference. 
Drapability as that term is employed herein is deter 
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mined according to DIN 54306, and is related to the 
degree of deformation observed when a horizontally 
lying planar structure subject only to the forces result 
ing from its own weight, is allowed to hang over the 
edge of a support plate. 

Drapability measured in accordance with DIN 54306 
is characterized in terms of the draping coef?cient D, 
which is expressed as a percentage. Of course, the drap 
ing coefficient of the presently disclosed polypropylene 
spun-bonded fabrics is a critical parameter. The lower 
D is, the better drapability is, and consequently the feel 
of the planar structure is better. 
Nonwoven fabric materials in accordance with the 

present invention are characterized by a draping coef? 
cient, determined according to DIN 54306, which satis 
?es the following equation: 

wherein (FG) is the area weight of the particular mate 
rial. Materials having a D value greater than that satis 
fying the equation above are considered too hard in the 
context of this invention, although such materials are 
textile-like. 

Conventional fully drawn ?bers used for the manu 
facture of nonwoven fabrics have maximum tensile 
elongation values of less than 100% of their original 
length, as determined by German Industrial Standard, 
DIN 53857, which is incorporated herein by reference. 
The term maximum tensile elongation as employed 
herein refers to maximum tensile elongation values de 
termined in accordance with DIN 53857. In contrast, 
the partially drawn ?bers employed by the present in 
vention exhibit maximum tensile elongation values of at 
least about 200%, determined according to DIN 53857. 
Especially advantageous are ?bers with maximum ten 
sile elongation values of more than about 400% of their 
original length. Fibers within these preferred ranges can 
be manufactured by suitably adjusting the manufactur 
ing parameters in the manner described below. 

It is also important that the partially drawn ?bers of 
the present invention be characterized by low ?ber 
shrinkage, namely, shrinkage of less than about 10% as 
determined in boiling water. Fibers with higher ?ber 
shrinkage would considerably disrupt fabric manufac 
ture. A shrunk fabric obtained from ?bers having such 
higher shrinkage would be much too dense and too hard 
because of shrinkage. It follows that the manufacture of 
the ?bers should be directed to the preservation of the 
partially drawn and at the same time low-shrinkage 
properties of the ?bers. 

In order to obtain ?bers satisfying the above 
indicated parameters, i.e., partially drawn, high maxi 
mum tensile elongation, and low shrinkage, it was found 
that the spinning path of the ?laments being extruded 
from the spinning nozzle had to be shortened considera 
bly in comparison to the path in a conventional spun 
bonding process. As there is a shortened spinning path, 
i.e., shortened distance between extrusion of the ?la 
ment from the spinning nozzle to its deposition on the 
moving conveyor belt, it is possible to accordingly set 
the ratio of the extrusion velocity to the withdrawal 
velocity so as to obtain a low deformation ratio. As will 
be explained more fully below, the extrusion velocity is 
preferably about 0.02 meters/second to about 0.2 me 
ters/second, while the withdrawal velocity is about 20 
meters/second to about 60 meters/second. The ?bers 
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4 
are manufactured by setting the drawing parameters 
within the given ranges. 
The present invention preferably involves the use of 

aerodynamic means for withdrawing the extruded ?la 
ments. Suitable aerodynamic withdrawing elements are 
known in the spun-bonding art. Although the energy 
required to create the air flow suitable to withdraw the 
?laments compared unfavorably to the energy required 
for known mechanical withdrawing systems, this air 
flow energy is minimized in accordance with the proce 
dures of this method. 
FIG. 1 is a representation of a device by which to 

produce the partially drawn polypropylene ?laments 
with low shrinkage, in accordance with the present 
invention. 
There is provided a spinning beam (1) to accommo 

date the heatable spinning nozzles. The spun ?laments 
which are extruded from the spinning nozzles are 
cooled down in cooling wells (2), by virtue of air being 
drawn in through openings (20) covered with screens. 
The ?laments are subsequently partially drawn by vir 
tue of their being subjected to the ejection action of 
withdrawal canals (3). 

After the partially drawn groups of ?laments (4) 
leave the withdrawal canals, they are deposited on a 
moving screen belt (5) to form a web. Deposition is 
aided by the action of a vacuum creating suction from 
below the screen. The web so formed is then bonded or 
solidi?ed by the action of calender-means (6). The ?n 
ished nonwoven fabric web (7) is then rolled up. 
The spinning operation, i.e., the operation of extrud 

ing a molten polymer through a spinning nozzle, takes 
place at polypropylene melt temperatures of about 240° 
C. to 280° C. The spinning nozzles have a multiplicity of 
holes, the diameter of which is less than about 0.8 mm, 
e.g., about 0.4 mm. The gear pump used to force the 
molten polymer through the spinning nozzle is suitably 
set so as to produce extrusion velocities of from about 
0.02 (meters/second) m/s to about 0.2 m/s. The ?la 
ments so formed are guided through a free distance of at 
most about 0.8 m whereupon they enter an aerodynamic 
withdrawal element comprising the cooling wells and 
withdrawal canals 
The ?laments are cooled by being transversely 

blasted by air at a temperature of about 20° C. to 40° C., 
which air is drawn in through the screened sides of the 
cooling wells (2) as a result of the injector effect of the 
aerodynamic means used to withdraw the ?laments. 
Installation of screens into the walls of the cooling wells 
also permits equalization of the transverse air flow cre 
ated. The suction action created by the aerodynamic 
drawing element should be adjusted so that there is a 
?lament withdrawal velocity of about 20 m/s to 60 m/s. 
Appropriate withdrawal velocity is determined by con 
sideration of the ?lament diameter and the continuity 
equation. For constant extrusion conditions, the spin 
ning process can be controlled by the ?ber diameter. 
The ?lament diameter permits determination of a range 
for the deformation ratio. The deformation ratio is de 
?ned as the ratio of the extrusion velocity to the with 
drawal velocity. It should be about 1:200 to 1:1000 in 
order to produce the partially drawn ?laments. The 
?laments may suitably have a ?lament titer of about 2.5 
to 4.0 dtex, a maximum ?ber tensile strength of about 10 
to about 14 N/dtex and a maximum ?ber elongation of 
about 450 to about 500%. 
As mentioned above, the drawn ?laments exiting 

from the withdrawal canals ultimately are deposited on 
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a porous movable support or screen belt, aided by suc 
tion action which is created below the support. 

Atactic polypropylene may be employed. In addition, 
polypropylene having a particularly narrow weight 
distribution is advantageously employed. Such a weight 
distribution can be achieved by, for example, breaking 
down polypropylene and regranulating it. Polypropyl 
ene having the desired weight distribution is character 
ized by a special relationship between its melt viscosity 
and shear velocity. In accordance with the present 
invention, it is stipulated that at a melting temperature 
of 280° C. and for a representative shear velocity of 362 
V5, the melt viscosity of desirable polypropylene will be 
in the range of about 45 pascal seconds (Pa.sec)+3%, 
while for a shear velocity of 3600 l/ s, the melt viscosity 
is in the range of about 14 Pa.sec+2%, and ?nally for a 
shear velocity of 14,480 l/ s, the melt viscosity is in the 
range of about 6 Pa.sec. 1.5%. FIG. 2 more clearly 
represents the change in melt viscosity of the polypro 
pylene as a function of variation in shear velocity. 
Three melt temperatures are shown—240° C., 260° C. 
and 280° C. 
To produce the soft feel and other properties of the 

presently disclosed nonwoven fabrics, it is preferred 
that the fabric be formed on the moving screen belt such 
that the ?lament withdrawal velocity effectuated by the 
aerodynamic withdrawal elements is about ten to 
twenty times that of the velocity of the moving support 
on which the fabric is formed. Fabric structure may also 
be improved by utilizing suitable means to produce an 
oscillating motion in the groups of ?laments exiting 
from the aerodynamic withdrawal elements. This oscil 
lation represents a third kinematic component of fabric 
formation. The velocity vector acting transversely to 
the fabric travel direction should be about 0 to 2 times 
the fabric travel velocity. 

In order to produce a nonwoven fabric having prop 
erties consistent with those herein disclosed, (such as 
suitable density, and desirable gas and liquid permeabil 
ity) it is preferred that the ?nished fabric not be charac 
terized exclusively by individual ?laments. Rather, it is 
preferred that the component ?laments be partially 
combined to form alternating groups or light bundles of 
from about 2 to 5 ?laments. Such bundles can be easily 
formed by suitably adjusting the internal cross-sectional 
area of the aerodynamic withdrawal element in relation 
to the number of ?laments running through it. The 
device described in German Pat. No. 1560801 which is 
incorporated herein by reference also provides one 
option for controlling such bundle formation. When the 
?laments or bundles of ?laments are deposited without 
preferred direction, i.e., in a random manner, the web so 
formed will naturally have a crossed parallel texture. 
The nonwoven fabric web formed on the moving belt 

is bonded, or solidi?ed, in a calender gap which consists 
of a smooth and an engraved cylinder. For purposes of 
the present invention, the temperature in the calender 
gap should be from about 130° C. to 160° C. Further 
more, only moderate line pressure is required, e.g., 
about 40 N/cm width to 500 N/cm width. 
For some applications, it is necessary to adjust the 

surface tension of the fabric which consists of hydro 
phobic polypropylene ?bers to a surface tension of 
35><1O—5 N/cm by application of a suitable wetting 
agent so that the fabric is rendered wettable with aque 
ous and polar liquids. 
The following example more fully describes the man~ 

ufacture of a polypropylene spun-bonded fabric, in 
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6 
accordance with at least one embodiment of the present 
invention. 

EXAMPLE 

A spinning facility with two spinning stations was 
used. A polypropylene granulate was used which had 
viscosity characteristics consistent with the curve rep 
resented in FIG. 2. As discussed, FIG. 2 is a graphic 
representation of the melt viscosity of polypropylene as 
a function of shear velocity and melting temperature. 
The polypropylene granulate was melted in an ex 

truder to produce a melt with a temperature of 270° C. 
This melt was fed to the spinning stations, each station 
had a spinning pump and a nozzle block. The spinning 
plates had selectably, 600 and 1000 holes, each hole 
having a diameter of 0.4 mm. The freshly spun ?laments 
extruded from these holes were blasted with cool air at 
a point underneath the spinning nozzle. The cooling 
section was 0.4 m long. The cooled ?laments were then 
seized by an air stream in order to withdraw them. 

After exiting from the withdrawing element, the bun 
dles of ?laments were subjected to an oscillating force, 
and then deposited on a screen belt that had a vacuum 
below it creating suction, to form a random fabric. 
The various parameters of the above-described spin 

ning process are tabulated in Table 1, below. The ?bers 
or ?laments produced during the process are partially 
drawn, of course. The ?bers are more fully described by 
parameters tabulated in Table 2. 
The fabric web formed on the screen belt was consol 

idated in a calender gap, characterized by cylinders set 
at a temperature of 160° C. and a line pressure to a value 
of 120 N/cm width. The calender gap consists of a 
smooth and an engraved cylinder. The engraved cylin 
der has 500,000 rectangular dots per square meter, with 
a side length of 0.7 mm each. 

Finished nonwoven fabrics having area weights of 
10, 15, 20 and 30 g/m2, were produced by the process 
described above. Other parameters of these fabrics are 
tabulated in Table 3. 

Part of at least one of the fabrics formed was ?nished 
in a bath containing a nonionic surfactant wetting agent, 
at a concentration of 10 g surfactant/liter. The treated 
fabric was dried. When subjected to a test with water 
adjusted to a surface tension of 35 X 10*5 N/cm, prefect 
wettability was observed. 

TABLE 1 

Spinning Parameters 

Melt temperature 270° C. 
Melt pressure 20 bar 
Throughput per hole 0.5 g/min 
Hole diameter 0.4 mm 
Cooling section 0.4 m 
Flow velocity of the pulling-off air 30 m/s 
Inside cross-section of withdrawing 120 cm2 
canal 
Temperature of the pulling-off air 30° C. 
Temperature of the engraved calender 150” C. 
cylinder 
Calender line pressure 120 N/cm 

TABLE 2 

Fiber Data 

Filament titer 2.5 to 4 dtex 
Maximum tensile strength 10 to 14 N/dtex 
Maximum tensile elongation 450 to 500% 
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TABLE 3 
Nonwoven Fabric Data 

Test A B C D 

Area weight (g/m2)* 10 15 20 30 
Fabric thickness (mm) 0.13 0.16 0.22 0.28 
Number of spot welds per cm2 50 50 50 50 
Maximum tensile strength 1N) 
longitudinally 15 25 33 60 
transversely 15 25 32 50 
Maximum tensile elongation 1%! 
longitudinally 80 70 81 67 
transversely 80 65 85 71 
Tear propagation strength 1N! 
longitudinally 5.5 6.5 11.0 13.0 
transversely 5.5 6.5 10.5 13.0 
Draping coef?cient (DIN5430) (%) 40.7 47.2 61.5 74.1 

‘Fabrics made in accordance with the present invention will preferably have an area 
weight between 5 to 50 g/m2. 

The invention has been described in terms of speci?c 
embodiments set forth in detail, but it should be under 
stood that these are by way of illustration only, and that 
the invention is not necessarily limited thereto. Modi? 
cations and variations will be apparent from this disclo 
sure and may be resorted to without departing from the 
spirit of this invention, as those skilled in this art will 
readily understand. Accordingly, such variations and 
modi?cations are considered to be within the purview 
and scope of this invention and the following claims. 
What is claimed is: 
1. A method for manufacturing polypropylene spun 

bonded fabrics, from partially-drawn polypropylene 
?laments, comprising: 

preparing a polypropylene melt at a temperature of 
about 240° C. to 280° C.; 

forming polypropylene ?laments by extruding the 
melt through a spinning nozzle at an extrusion 
velocity of about 0.02 meters/second to about 0.20 
meters/second, said spinning nozzle having holes 
with a diameter less than about 0.8 millimeter; 

allowing the ?laments extruded from the lower edge 
of the spinning nozzles to fall vertically a distance 
of at most about 0.8 meter; 

quenching the ?laments by means of transversely 
blowing air over said ?laments at a temperature 
between about 20° C. to about 40° C.; 

aerodynamically drawing the extruded ?laments by 
means suf?eient to create a ?lament withdrawal 
velocity between about 20 meters/second and 60 
meters/ second, and such that the ratio of the extru 
sion velocity to the withdrawal velocity is between 
about 1:200 and 1:1000; 

forming a fabric web by depositing the aerodynami 
cally drawn ?laments onto a moving porous sup 
port that has a vacuum beneath it creating suction; 
and 

bonding the fabric web to provide the spun-bnded 
fabric, wherein said aerodynamically drawn ?la 
ments have a maximum tensile elongation of at 
least about 200%, and have a ?ber shrinkage deter 
mined in boiling water of less than about 10%. 

2. A method according to claim 1 wherein the poly 
propylene is atactic polypropylene having a molecular 
weight distribution such that at a temperature of about 
280° C., and a shear velocity of about 362 V5, said atac 
tic polypropylene has a melt viscosity of about 45 Pa. 
sec,+ 3%, at a shear velocity of about 3600 V5, the melt 
viscosity is about 14 Pa.sec +2%, and at a shear velocity 
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8 
of about 14,480 l/s, the melt viscosity is about 6 Pa. 
sec+ 1.5%. 

3. The method according to claim 1 wherein the 
cross-sectional area of the means which aerodynami 
cally withdraws the ?laments is adjusted relative to the 
number of ?laments, so that light bundles constantly 
alternating between about 2 to 5 ?laments each are 
formed, and the bundles are randomly deposited on the 
moving porous support. 

4. A method according to claim 1 wherein the fabric 
web is bonded by means of a calender which comprises 
an engraved and a smooth cylinder, at a temperature of 
between about 130° C. and 160° C., and a line pressure 
of between about 40 and 500 N/cm. 

5. A method according to claim 1, further comprising 
treatment of the spun-bonded fabric with a suitable 
wetting agent to provide the fabric with a surface ten 
sion of about 35X 10—5 N/cm. 

6. The method according to claim 1 wherein the 
?laments have a maximum tensile elongation of at least 
about 400%. 

7. The method according to claim 1 wherein the 
spun-bonded fabrics are characterized by a draping 
coef?cient of less than or equal to 1.65 (area 
weight)+30%. 

8. A method according to claim 1 wherein the ?la 
ment withdrawal velocity is about 10 to 20 times the 
velocity of the moving porous support on which the 
fabric web is formed. 

9. A method according to claim 2 wherein the ?la 
ment withdrawal velocity is about 10 to 20 times the 
velocity of the moving porous support on which the 
fabric web is formed. 

10. A method according to claim 1 further compris 
ing oscillation of the aerodynamically drawn ?laments 
as they are deposited onto the moving porous support, 
and wherein ths oscillation is characterized by a veloc~ 
ity vector transverse to the moving support’s velocity 
vector, and also wherein said transverse velocity vector 
has a value between about 0 and 2 times that of the 
moving support’s velocity vector. 

11. A method according to claim 2 further compris 
ing oscillation of the aerodynamically drawn ?laments 
as they are deposited onto the moving porous support, 
and wherein this oscillation is characterized by a veloc 
ity vector transverse to the moving support’s velocity 
vector, and also wherein said transverse velocity vector 
has a value between about 0 and 2 times that of the 
moving support’s velocity vector. 

12. A method according to claim 8 further compris 
ing oscillation of the aerodynamically drawn ?laments 
as they are deposited onto the moving porous support, 
and wherein this oscillation is characterized by a veloc 
ity vector transverse to the moving support’s velocity 
vector, and also wherein said transverse velocity vector 
has a value between about 0 and 2 times that of the 
moving support’s velocity vector. 

13. A method according to claim 9 further compris 
ing oscillation of the aerodynamically drawn ?laments 
as they are deposited onto the moving porous support, 
and wherein this oscillation is characterized by a veloc 
ity vector transverse to the moving support’s velocity 
vector, and also wherein said trasverse velocity vector 
has a value between about 0 and 2 times that of the 
moving support’s velocity vector. 

14. A method according to any one of claims 1, 2, 8, 
9, 10, 11, 12 and 13 wherein said fabric web has a 
crossed parallel texture. 

* 1k * * * 
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